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A Two-WaySpinoff

This NASA-developed wind turbine
generator in Hawaii provides enough
electricity for 100 homes. Its wood
composite blades were made by
Gougeon Brothers Inc., a Michigan
sailboat builder which has also

become a leading firm in commercial
wind turbine manufacture.

This cross-section view of a 60-foot
wind turbine blade illustrates the

Gougeon technique of laminating
multiple layers of wood, bonded by a
plastic substance, to produce a light,
strong and very stable structure.

An unusual technology
transfer, involving sailboats
and commercial wind

energy systems, highlights

spinoffs for home, consumer
and recreational use

G ougeon Brothers Inc, Bay City,Michigan is a small business
producer of high-performance
sailboats, iceboats and wind turbine
rotor blades. That may sound like an

oddly mixed product line but, in this
instance at least, there is a direct
connection between boatbuilding

and bladebuilding; the
Gougeons--Meade, Jan and
Joe--got into the blade fabrication
business as a result of their boat

construction expertise. It's an
unusual spinoff story, because the
technology initially transferred
did not flow from NASA to the

Gougeons--it was the other way
around. The Gougeons successfully

applied their boatbuilding know-how
to a NASA problem in wind turbine
development and eventually the
spinoff benefits came full-cycle: as
a result of their NASA involvement

Gougeon Brothers not only acquired
a whole new product line but

also expanded its engineering
competence and improved its
boatbuilding techniques.

It started several years ago when
NASA and the Department of Energy,

looking for energy alternatives to
fossil fuels, began experimenting

with large wind turbine machines.
A wind turbine is simple in principle;
a modern counterpart of the age-old
windmill, it harnesses the power
of the wind to spin a bladed
rotor, which in turn drives an
electricity-generating turbine.
However, the wind turbine loses
some of its simplicity as it gets
bigger. To generate electricity on a
large scale requires supersize rotor
blades, and with increasing size
comes increasing stress and strain
on the spinning blades. That was
the problem Lewis Research
Center faced in developing a first

generation wind turbine generator
known as MOD-OA, a 200,000-watt

system with a rotor diameter of 125
feet, including two 60-foot blades
affixed to the turbine-driving rotor



hub.Producedbyaleading
aerospacefirm,themetalblades
keptfailingunderstress.Lewis
researcherswereexploringevery
avenueinsearchofananswer.

TheGougeons,itturnedout,had
ananswer.AtBayCity,onLake
Huron'sSaginawBay,theywere
turningouthighqualityboatsbased
ontechniquestheyhaddeveloped
forfabricatingwoodcomposite
structures.Theircompositeswere
multiplelaminatedlayersofvarious
woodsbondedtogetherbyepoxy
resinadhesive.Theyusedahigh
percentageofadhesivetogeta
compositewitharatioofabout75
percentwoodto25percentplastic,
whichresultedinastructurelighter
yetstrongerandfarmorestablethan
solidwood.

Ataboatbuildingseminarin
Cleveland,Ohio,GougeonBrothers
chairmanMeadeGougeondescribed
hiscompany'sspecialtechniques
toanaudiencethatincludedavery
interestedLewisResearchCenter
engineer.This,thoughttheman
fromLewis,couldbetheanswer
totheMOD-OAwindturbine's
problemsmstrongandhighlystable
woodenbladesthatmightstandup
betterunderstressthanmetal.

Tobriefastorythattookacouple
ofyearsto unfold,theGougeons
wereinterestedintryingtheirhand
atbuildingawindturbineblade,
NASAofficialsvisitedtheBay
cityfacilityto checkouttheir
competence,acontractwas
awardedtostudythefeasibilityof
woodbladesinwindturbines,and
GougeonBrotherswentonto
buildseveralsetsofbladesfor
theMOD-OAsystemallworked
successfully.Thebasicbladewas
madeofmultiplelaminates,asmany
as76layersinsomeplaces,mostly
offirwithsomespruceandbirchit
turnedouttobenotonlybetterthan
itsmetalpredecessor,butcheaper.
Onesetofbladesisstillgoing
strong,afterseveralthousandhours
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ofoperation,inawindturbinein
Oahu,Hawaii;NASAfatiguetests
indicatethebladescouldlast
30years.

TheNASAassignmentinvolved
extensiveresearchbyGougeon
Brothersandledtothecompany's
developmentofnewmanufacturing
processesforproducinghigh-quality
woodcompositestructuresatlow
cost.Oneresultisthatthecompany
hasbecomealeadingblade
producerinthesmallbutgrowing
industrywhichmanufactureswind
energysystems.ForEnertech,a
Norwich,Vermontmanufacturerof
smallwindmachines,Gougeon
Brothersproducesa10-footanda
221/2-footbladeusedina4,000-watt
generatordesignedforhomeuse.
Gougeonsuppliesbladesof22_JJ2
and261/2feetto EnergySciences,
Inc.,Boulder,Coloradoforwind
turbinesgeneratingpowerforfarms,
apartmentcomplexesandsmall
utilities.GougeonBrothers
hasalsobeenselectedasblade
subcontractorinaGeneralElectric
Companyprojectinvolvingthe
largestwindturbineyetdesigned--a
400-footdiametersystemcapableof
feedingutilitycompanies6-7million
wattsofelectricityperhour.

Inthecourseofstudyingrotor
bladeaerodynamics,Gougeon
Brothersalsoacquirednew
know-howapplicableto
boatbuilding,forexample,the
company'sinnovative"aerodynamic
mast"forsailboats.Largeboat
mastsaregenerallysupportedby
riggingandheldinafixedposition.
TheGougeonshavedevelopeda
strong,lightweightwoodcomposite
mastwhichneedsnosupporting
riggingandisfreetorotatewiththe
wind.Themastbecomes,ineffect,
theleadingedgeofamast/sailairfoil
whichoperateslikeahighlyefficient
airplanewing.Thisprovidesa
sailboatanewdegreeofpropulsive
efficiencyandit could,saysMeade
Gougeon,makecommercialsailing

The large blade in the picture is a
60-footer developed for NASA;
the smaller blades are Gougeon

products manufactured for
commercial wind turbines that

provide electricity for homes,
farms, apartment complexes and
small utilities.

feasible; used as an auxiliary power
source, the rotating mast/sail could

cut a ship's fuel cost by as much as
40 percent.

Company chairman Meade Gougeon
(in red) displays the innovative
"aerodynamic mast", an efficiency
improvement for sailboats inspired
by Gougeon Brothers' work on
NASA wind turbines.
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